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SECTION A—PROTEINS & ENZYMES (APPROX thr) 
This section is worth 20 marks; Answer ALL questions. 


QUESTION 1. (6 MARKS) 
A. The figure below shows the structure of the amino acid glutamate. The pK values 


for ionisable groups of glutamate are: 
pK, (COOH) = 2.19, pKo (NH3+) = 9.67, pKr = 425. 


Use these values to redraw glutamate showing. ionisable groups in_ their 


predominant forms at pH 3 and pH 11; label each structure with the relevant 
DH. 


[3 Marks] 


H 


H.N—}-cooH 


B. Now draw glutamate and a different amino acid linked via a peptide bond. 


Label the peptide bond, the N-terminus and the C-terminus of your peptide. 
| (2 Marks] 


C. Name ONE example of each type of amino acid listed below: 
Aromatic 
Hydrophobic 
Sulphur 
Positively charged 
Hydroxy 
[0.2 mark for each aa, Total 1 Mark] 
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QUESTION 2. ANSWER either A or B (7 MARKS) 
A. 


I. The following. illustration shows a cartoon of haemoglobin. Use this 
diagram to describe the three dimensional structure of this protein. You 
should mention: secondary structure, tertiary structure, quaternary 
structure, prosthetic groups in your answer. Include a definition of each 
level of protein structure in your answer. (3 Marks] 


U1. Briefly explain which aspects of haemoglobin structure are particularly 
important for its biological function. [2 Marks] 


iM. Haemoglobin is a globular protein. Use this protein to illustrate the 
properties of globular proteins. [2 Marks] 
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The following illustration shows a diagram of the protein collagen. Use this 
figure to describe in detail the structure of collagen. 
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collagen 
molecule 
[3 Marks] 
li. Explain in what ways the structure of collagen is important for its biological 
function. 
[2 Marks] 
lil. Explain in detail how collagen structure reflects common features of 
structural proteins. [2 Marks] 
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QUESTION 3. ANSWER either A or B (7 MARKS) 


A. | 
i; Enzymes are biological catalysts, explain what is meant by this term. 
[1 Mark] 


li. Draw a labelled diagram showing: an ENZYME, its ACTIVE SITE, a 
SUBSTRATE bound to the enzyme. 


[2 Marks] 


ili. Draw a graph showing the relationship between reaction rate (v) and 
substrate concentration [S] for a simple (Michaelis-Menten) enzyme. 


Describe the model and equation used by Michaelis and Menten to explain 
the shape of this graph. Label on your graph the approximate positions of 
Ku and Vmax. [4 Marks] 


F Explain with two examples, the relation between vitamins and enzyme 
cofactors. 


[3 Marks] 


li. Describe the role of NAD* as a coenzyme. Write a balanced equation 
illustrating its function. 
(2 Marks] 


lil. Explain the role of FAD as a coenzyme. How does this differ from the role 
of NAD”. Write an equation illustrating its function. 
(2 Marks] 
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SECTION B — Carbohydrate Metabolism (APPROX ‘hr) 
This section is worth 20 marks. Answer ALL questions. 


QUESTION 1. (3 MARKS) 


A. Draw the structure of D-glucose in its straight chain (Fischer) projection. 
[1 Mark] 


On your D-glucose drawing: — [2 Marks] 


1. Use a labelled arrow to point to any carbonyl carbons 

2. Circle any aldehyde groups present 

3. Label an * symbol next to any chiral carbons present 

4. Use a labelled arrow to indicate why your structure shows a D-isomer 


QUESTION 2. (7 MARKS) 


For each question, provide a brief answer in less than 50 words. 
Lengthy answers that are not to the point will lose marks, even if 
they contain part of the correct answer 


A. Give a simple but clear diagram of a mammalian cell showing the plasma 
membrane, the cytosol and some mitochondria. [1 Mark] 


B. Indicate, on your cell diagram, which cellular compartments contain the chemical 
reactions of glycolysis, citric acid cycle and electron-transport-driven oxidative 
phosphorylation occur. [2 Marks] 


C. Give a single balanced equation representing the complete oxidation of glucose 
to carbon dioxide and water. (1 Mark] 


D. Cellulose could provide a widely available and cheap form of glucose, but we 
humans cannot digest it. Why not? [1 Mark] 


E. Provide the name and chemical structure of the end product for both aerobic and 
anaerobic glycolysis in humans. [2 Marks] 


Aerobic glycolysis Name of end product: 
lts chemical structure: 


Anaerobic glycolysis Name of end product: 
Its chemical structure: 
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QUESTION 3. (4 MARKS) 


For full credit you must show your work. 


Under anaerobic conditions, complete oxidation of glucose cannot occur; yeasts, for 
example, metabolise 1 mol glucose anaerobically to form ATP (conserving about 31 
kJ/mol ATP formed), ethanol (CH3CH2OH; heat of combustion about 1370 kJ/mol) — 
and CO>. | 


a) Give a balanced equation showing the moles of ethanol, ATP and CQ2 are 
formed in this process? [2 Marks] 


b) What fraction of the energy of glucose can you account for in the ethanol, ATP 
and CQ? (Explain your reasoning) [2 Marks] 


QUESTION 4. Multiple-choice questions (6 MARKS) 


Select the best answer in the multiple choice questions below. 


Answer all questions. Each question in this section is worth 1 
mark. 


a) Pyruvate kinase transfers a phosphate group from phosphoenolpyruvate to ADP, 
forming pyruvate and ATP. The reaction catalysed by this enzyme is essentially 


irreversible. Which of the following is the best explanation for the irreversible 
nature of this reaction? 


A. The binding of pyruvate to the active site is very weak relative to the 
binding of phosphoenolpyruvate. 

. The reaction is coupled to the pyruvate dehydrogenase reaction. 

. The hydrolysis of ATP is highly favorable. 

. The change in free energy (AG’) for the overall reaction is large and 
negative. 

E. There is a_ different enzyme in the cell which synthesizes 

phosphoenolpyruvate. 


OO) ® 


b) The conversion of 2 moles of glyceraldehydes 3-phaphate to 2 moles of pyruvate 
by glycolysis results tn a net yield of: 
A. 1 mole of NAD+ and 2 moles of ATP. 
_ 4 mole of NADH and 1 mole of ATP. 
. 2 moles of NAD+ and 4 moles of ATP. 
. 2 moles of NADH and 2 moles of ATP. 
. 2moles of NADH and 4 moles of ATP. 


mo © W 
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c) Each of the following occurs during the citric acid cycle except: 
. formation of a-ketoglutarate 

. generation of NADH and FADH2 

. metabolism of acetate to carbon dioxide and water 

. net synthesis of oxaloacetate from acetyl-CoA 

. oxidation of acetyl-CoA 


mogwY 


d) Which one of the following compounds is NOT a product or intermediate of the 
pentose phosphate pathway? 


. ATP 

. NADPH 

. CO2 

. Seduheptulose-7-P 
. Glyceraldehyde-3-P 


mogoOw >? 


e) Oxidative phosphorylation requires 
A. the hydrolysis of water to provide electrons 


B. the oxidation of H2S to provide electrons 
C. the reduction of O2 to accept electrons 
D. the oxidation of O2 to provide electrons 


f) Proton pumping in the context of oxidative phosphorylation 
A. is driven by the energy released from the electron flow within the inner 

mitochondrial membrane 

. generates an electro-chemical gradient across the inner mitochondrial 
membrane 

. allows the formation of ATP 

. describes the movement of hydrogen ions across the inner mitochondrial 
membrane 

. all of the above 


OO DB 


Th 


Please remember - This examination question paper MUST BE HANDED IN. Failure 
to do so may result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has 
been returned. 


